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Description 

TECHNICAL FIELD 

s The present invention relates to a catalyst system for the polymerization and copolymerization of olefins 
with, the system comprising a chiral. stereorigid hafnium metallocene catalyst in combination with an 
aluminum compound. It has been discovered that these catalyst systems produce useful polymer products 
with molecular weights greater than 10,000. 

io BACKGROUND OF THE INVENTION 

This is a continuation-in-part of application Serial No. 034,341 filed on April 3, 1987. 
The present invention provides a hafnium metallocene catalyst useful in the polymerization of olefins, 
particularly propylene and higher alphaolefins, and in the copolymerization of olefins, especially ethylene 
75 and propylene. 

The use of metallocenes as catalysts for the polymerization of ethylene is known in the art. German 
patent application 2,608,863 discloses a catalyst system for the polymerization of ethylene consisting of bis- 
(cyclopentadienyl)titanium dialkyl, an aluminum trialkyl and water. German patent application 2,608,933 
discloses an ethylene polymerization catalyst system consisting of zirconium metallocenes of the general 

20 formula (cyciopentadienyl) n Zr Y 4 - n , wherein Y represents R1CH2AIR2, CH2CH2AIR2 and CH 2 CH (AIR 2 )2 
where R stands for an alkyl or metallo alkyl, and n is a number within the range 1-4; and the metallocene 
catalyst is used in combination with an aluminum trialkyl cocatalyst and water. 

The use of metallocenes as catalysts in the copolymerization of ethylene and other alpha-olefins is also 
known in the art. U.S. Patent No. 4,542,199 to Kaminsky, et al. discloses a process for the polymerization of 

25 olefins and particularly for the preparation of polyethylene and copolymers of polyethylene and other alpha- 
olefins. The disclosed catalyst system includes a catalyst of the formula (cyclopentadienylfeMeRHal in 
which R is a halogen, a cyclopentadienyl or a Ci-Ce alkyl radical, Me is a transition metal, in particular 
zirconium, and Hal is a halogen, in particular chlorine. The catalyst system also includes an alumoxane 
having the general formula AI 2 OFU(AI(R)-0) n for a linear molecule and/or (AI(R)-0) n+2 for a cyclic molecule 

30 in which n is a number from 4-20 and R is a methyl or ethyl radical. A similar catalyst system is disclosed 
in U.S. Patent No. 4,404,344. 

U.S. Patent No. 4,530,914 discloses a catalyst system for the polymerization of ethylene to polyethyl- 
ene having a broad molecular weight distribution and especially a bimodal or multimodal molecular weight 
distribution. The catalyst system is comprised of at least two different metallocenes and an alumoxane. The 

35 patent discloses metallocenes that may have a bridge between two cyclopentadienyl rings with the bridge 
serving to make those rings stereorigid. 

European Patent Publication No. 0185918 discloses a stereorigid, chiral zirconium metallocene catalyst 
for the polymerization of olefins. The application does not indicate that hafnium could be substituted for the 
zirconium and used to produce a useful polymer product. The bridge between the cyclopentadienyl groups 

40 is disclosed as being a linear hydrocarbon with 1-4 carbon atoms or a cyclical hydrocarbon with 3-6 carbon 
atoms. 

EP-A-0 295 312 discloses a solid catalyst for polymerization of olefins on a particulate organic or 
inorganic compound carrier. Disclosure of ethylenebis(indenyl)hafnium dichloride and ethylenebis(4,5,6,7- 
tetrahydro-l-indenyl)hafnium dichloride occurs in a mere listing of possible metallocene compounds which 

45 could be used in the solid catalyst. Only unbridged zirconium metallocene compounds [bis-(cyclopen- 
tadienyl)zirconium dichloride] were synthesized. No bridged metallocenes were synthesized and no hafnium 
metallocene compounds were synthesized. Chirality was not disclosed or discussed. Stereorigidity was not 
disclosed or discussed. A liquid catalyst was not disclosed or discussed. * 

EP-A-0 327 649 discloses a solid catalyst for olefin polymerization. Disclosure of ethylene bis(indenyl)- 

50 hafnium dichloride and ethylenebis(4,5,6,7-tetrahydro-1-indenyl)hafnium dichloride occurs in a mere listing 
of possible metallocene compounds which could be used in the solid catalyst. Only unbridged zirconium 
metallocene compounds [bis-(cyclopentadienyl) zirconium dichloride] were synthesized. No bridged metal- 
locenes were synthesized and no hafnium metallocene compounds were synthesized. Chirality was not 
disclosed or discussed. Stereorigidity was not disclosed or discussed. A liquid catalyst was not disclosed or 

55 discussed. 

Both documents make part of the state of the art according to article 54(3) of the European Patent 
Convention. 
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It is known by those skilled in the art that polyolefins, and principally polypropylene, may be produced 
in various forms : isotactic, syndiotactic. atactic and isotactic-atactic stereoblock. Isotactic polypropylene 
contains principally repeating units with identical configurations and only a few erratic, brief inversions in the 
chain. Isotactic polypropylene may be structurally represented as 

• • • I I I I I I I i I i i i i i i i i i i i i i i i i .... (i) 



Isotactic polypropylene is capable of forming a highly crystalline polymer with crystalline melting points and 
other desirable physical properties that are considerably different from the same polymer in an amorphous, 
or noncrystalline, state. 

A syndiotactic polymer contains principally units of exactly alternating configurations and is represented 
rs by the structure 



A polymer chain showing no regular order of repeating unit configurations is an atactic polymer. In 
commercial applications, a certain percentage of atactic polymer is typically produced with the isotactic 
form. A polymer with recurring units of opposite configuration is an isotactic stereoblock polymer and is 
25 represented by 



. . . mi 1 1 1 1 1 1 1 1 . . . . mi) 

— mi iin 1 1 1 1 

30 

This latter type, the stereoblock polymer, has been successfully produced with metallocene catalysts as 

described in U.S. Patent No. 4,522,982. 

A system for the production of isotactic polypropylene using a titanium or zirconium metallocene 
35 catalyst and an alumoxane cocatalyst is described in "Mechanisms of Stereochemical Control in Propylene 

Polymerization with Soluble Group 4B Metallocene/Methylalumoxane Catalysts," J. Am. Chem. Soc, Vol. 

106, pp. 6355-64, 1984. The article shows that chiral catalysts derived from the racemic enantiomers of 

ethylene-bridged indenyl derivatives form isotactic polypropylene by the conventional structure predicted by 

an enantiomorphic-site stereochemical control model. The meso achiral form of the ethylene-bridged 
40 titanium indenyl diastereomers and achiral zirconocene derivatives, however, produce polypropylene with a 

purely atactic structure. 

The above references generally describe metallocene catalysts as having two cyclopentadienyl rings 
attached to a transition metal. This general description would include a hafnium metallocene, but prior to the 
present invention, the references have disclosed only titanium and zirconium metallocene catalysts that 

45 prove to be of any use. Heretofore, hafnium metallocene catalysts have not produced useful polypropylene 
products, in particular, as the molecular weights of the products have been well below 10.000. Hafnium 
could not simply be substituted for zirconium or titanium in known metallocene systems and produce useful 
results. V 

The present invention includes the discovery of a new type of hafnium metallocene catalyst not taught 

so by the prior art. The catalyst exhibits properties and produces results that surpass those exhibited by 
zirconium and titanium metallocene catalysts with similar structures and used under similar conditions. 

SUMMARY OF THE INVENTION 

55 The present invention provides catalyst systems for the polymerization of olefins that include a chiral, 
stereorigid hafnium metallocene catalyst described by the formula R"(Cs(R')4)2HfQp and an aluminum 
compound, wherein ((^(R*)*) is a cyclopentadienyl or substituted cyclopentadienyl ring; R' is hydrogen or a 
hydrocarbyl radical having from 1 to 20 carbon atoms, each R' may be the same or each may be different; 
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R" is an organic or inorganic group providing a structural bridge between the two (CsfR'M rings imparting 
stereorigidity to said catalysts; Q is a hydrocarbon radical such as an aryl, alkyl. alkenyl, alkylaryl or 
arylalkyl radical having 1-20 carbon atoms or is a halogen; and O S p £ 3. 

Hafniun metallocene catalysts as described by the present invention are stereospecific and produce 
5 polymers with higher molecular weights than were previously known with metallocene catalysts. The 
molecular weights are consistently above 10,000. These polymers are also highly stereoregular, have high 
crystalline melting points, and high optical activity. The catalysts of the present invention also show high 
efficiencies. 

The hafnium metallocene catalysts of the present invention may also be used in the copolymerization of 
io polyolefins, especially propylene and ethylene. 

Also included in the present invention is the discovery of the effect of a mixture of alumoxane and 
trimethyl aluminum on a hafnium metallocene catalyst A mixture of alumoxane and trimethyl aluminum 
causes a transformation of the catalyst over time. The transformed catalyst produces a polymer product 
with a low molecular weight and a relatively narrow distribution. The new catalyst retains, however, the 
75 same degree of stereoregularity as the original form of the catalyst. 

In another embodiment of the invention, a solvent is added to the catalyst system to increase the 
solubility of the catalyst in a solution of olefin(s). A preferred solvent is toluene, xylene or methylene 
chloride. 

20 DESCRIPTION OF THE FIGURE 

The Figure shows the influence of trimethylaluminum on a hafnium metallocene of the formula Et(lnd)- 
2HfCl2 when used in combination with alumoxane. The Figure illustrates the formation of a bimodal 
distribution with time. 

DETAILED DESCRIPTION 

The invention provides a hafnium metallocene catalyst system for the polymerization and copolymeriza- 
tion of olefins that provides a more useful product with higher molecular weights than was achievable with 
30 previously disclosed hafnium catalysts. The hafnium metallocenes also produce polymers that are more 
highly stereoregular and have higher molecular weights than the analogous zirconium metallocene catalysts. 
These and other beneficial advantages of the present invention will become more apparent from the 
following detailed description and accompanying examples. 

The hafnium catalyst of the present invention is in a liquid form and may be described by the following 
35 formula: 

R"(Cs(R')4)2HfQp 

wherein (Cs(R')4) is a cyclopentadienyl or substituted cyclopentadienyl group; R' is hydrogen or a 

40 hydrocarbyl radical having from 1 to 20 carbon atoms, each R' may be the same or different; R" is an 
organic or inorganic group at least a portion of which acts as a bridge between the two (Cs(R'M groups 
thereby making the catalyst stereorigid; Q is a hydrocarbon radical such as an alkyl, aryl, alkenyl, alkylaryl 
or arylalkyl radical having 1-20 carbon atoms or is a halogen; and O £ p £ 3. The catalyst is chiral - i.e., 
non-superimposable on its mirror image --. 

45 Exemplary hydrocarbyl radicals that may form a part of the catalyst as described above are methyl, 
ethyl, propyl, butyl, amyl, isoamyl, hexyl, isobutyl, heptyl, octyl, nonyl, decyl, cetyl, phenyl, methylene, 
ethylene, propylene and the like. Exemplary halogen atoms include chlorine, bromine and iodine with 
chlorine being preferred. Q is preferably a halogen and p is preferably 2. The R' substituents are*preferably 
selected such that (Cs(R')4) forms an indenyl radical (Ind) which may be hydrogenated (IndhU). As 

so indicated, other hydrocarbon groups may be added to the cyclopentadienyl rings. 

R" is a stable component that bridges the two (Cs(R*)*) rings in order to render the catalyst stereorigid. 
R" may be organic or inorganic and may include groups depending from the portion acting as a bridge. 
Examples of R" include an alkylene radical having 1-4 carbon atoms, a silicon hydrocarbyl group, a 
germanium hydrocarbyl group, an alkyl phosphine, an alkyl amine, boron, nitrogen, sulfur, phosphorous or 

55 aluminum. The preferred R" components are methylene (-CKb-), ethylene (-C2H4-), an alkyl silicon, and a 
cycloalkyl silicon such as cyclopropyl silicon, among others. The present invention is such that the R" 
bridge and the R' substituents may be varied to provide polymer products with different properties. 



4 



EP 0 284 707 B1 



tn the present invention, the hafnium metallocene catalysts just described are used in combination with 
an aluminum compound. Preferably, the aluminum compound is an alumoxane represented by the general 
formula (R-AI-O) for the cyclic form and R(R-AI-0-)„AIR 2 for the linear form. In the general formula, R is an 
alky I group with 1-5 carbons and n is an integer from 1 to about 20. Most preferably, R is a methyl group. 

5 Generally, in the preparation of alumoxanes from, for example, trimethyl aluminum and water, a mixture of 
the linear and cyclic compounds is obtained. 

The alumoxanes can be prepared in various ways. Preferably, they are prepared by contacting water 
with a solution of trialkyl aluminum, such as, for example, trimethyl aluminum, in a suitable solvent such as 
benzene. Most preferably, the alumoxane is prepared in the presence of a hydrated copper sulfate as 

jo described in U.S. Patent No. 4,404,344 the disclosure of which is hereby incorporated by reference. This 
method comprises treating a dilute solution of trimethyl aluminum in, for example, toluene with copper 
sulfate represented by the general formula CuSO^ShbO. The reaction is evidenced by the production of 
methane. 

As part of the present invention, it was discovered that the use of a mixture of trimethyl aluminum and 

75 alumoxane in combination with a hafnium metallocene catalyst as described by the present invention 
caused a transformation of the catalyst. Alumoxane, containing only trace amounts of trimethyl aluminum 
(TMA), and the hafnocene catalyst produced a polymer product with fairly high molecular weights and that 
exhibited a fairly symmetrical distribution. (See Figure, curve a). The addition of about 1 mmol of TMA to 16 
mmoi of alumoxane caused a transformation of the catalyst over a period of 2 hours. A new catalyst was 

20 formed that produced a polymer with a lower molecular weight and a narrow distribution but with the same 
degree of stereoregularity as the original species. (Figure, curves "b-d"). As the polymerization proceeds 
for a longer period of time, the distributions increase at the lower molecular weight peak. This increase over 
time is shown in the Figure. 

Also included in the present invention is the use of a solvent to increase the solubility of the catalyst in 

25 the monomer. In a preferred embodiment the metallocene catalyst is used in a liquid form as is the olefin 
monomer. The solvent may be premixed with the catalyst or added with the monomer. The preferred 
solvents include toluene, xylene, and methylene chloride, but the solvent can be any organic solvent. As the 
catalysts usually are somewhat polar, it is preferred that the solvents exhibit some degree of polarity. 
Depending on the catalyst, a particular solvent may be more compatible with a particular catalyst than other 

30 solvents. 

The hafnium metallocene catalysts of the present invention may be produced using any of the methods 
known to those skilled in the art. Typically, the procedures simply comprise the addition of an HfQ group as 
described above and a R M group to a starting compound such as indene or some other substituted 
dicyclopentadiene. An example of the production of the hafnium metallocenes as used in the Examples 

35 below is included in Example 1. 

The polymerization procedures useful with the catalysts of the present invention include any procedures 
known in the art. An example of a preferred procedure would be that disclosed in European Patent 
application EP-A-279153 which describes a pre-polymerizatiori of the catalyst before introducing the 
catalyst into a polymerization reaction zone. Another preferred procedure is illustrated in the Examples 

40 below. 

The following Examples illustrate the present invention and its various advantages in more detail. 
Included with the Examples of hafnium catalysts are Comparative Examples using a zirconium metallocene 
catalyst to illustrate the increases in molecular weights and other polymer properties. The results are 
summarized in Table 1 . 

45 

Example 1 

Preparation of the Catalyst r 

so A hafnium metallocene of the formula EtflndfcHfCfe was prepared by adding 38 mmol of n-butyl!ithium 
in hexane to a solution of 5 gm (19 mmol) of bisindenylethane in 150 ml of THF cooled to -91 # C. The 
solution was warmed to 50 • C, stirred for 3 hours, and then added dropwise to a HfCU/THF adduct solution 
(19 mmol in 150 ml of THF) at 150*C. After stirring overnight, the heat was removed and the solution was 
sparged for 15 seconds with HCI gas to produce a yellow solution. THF was roto-evaporated, and the solids 

55 were added to a small portion of CH2CL2. The solvent was decanted and the bright yellow solids were 
obtained by roto-evaporation and dried in vacuo. The yellow solids were dissolved in 100 cc of CH2CI2 and 
the insoluble LiCI was filtered off. On addition of cold pentane, a few grams of bright yellow powder 
precipitated. The complex was filtered off, dried and further purified by fractional recrystallization from dry 



5 



EP 0 284 707 B1 



toluene at 0*C. 

Polymerization of Propylene 

5 (Polymerization Procedure No. 1) 

In a 75 ml stainless steel sample cylinder filled with argon, a catalyst solution containing 0.14 mg of Et- 
(Ind^HfCb and toluene was precontacted for 5 minutes with 10 ml of a solution of methylalumoxane in 
toluene. The contents of the sample cylinder were then injected by syringe into a 2 liter Zipperclave reactor 
jo followed by the addition of 1.0 liter of propylene to the reactor at 50 *C. The temperature was maintained at 
the reaction temperature of 50 *C and the contents of the reactor were agitated for one hour. The propylene 
was then vented and the contents of the reactor were washed with 50% methanol in dilute HCI solution and 
dried in vacuo. 

75 Analysis of Polymer 

The polymer product was then analyzed for the melting points and molecular weights. The melting 
points shown in Table 1 were derived from DSC (Differential Scanning Calorimetry) data as known in the 
art. The melting points are not true equilibrium melting points but are DSC peak temperatures. True 

20 equilibrium melting points would be higher than the DSC peak melting points. The melting points for 
polypropylenes are determined by the crystallinity of the isotactic fraction of the polymer. The results 
showed only a difference of 1-2* C in the melting points after most of the atactic polymer was removed and 
isotactic polymer remained. This is shown to be true by running the DSC melting points before and after 
removal of the xylene solubles or atactic form of the polymer. The predominantly isotactic polymer yields a 

25 sharper and more distinct melting point peak. 

The molecular weights of the polymers were calculated using GPC (Gel Permeation Chromatography) 
analysis. The analysis was done on a Waters 150 C instrument with a column of Jordi gel. The solvent was 
trichlorobenzene and the operating temperature was 140'C. The values for M n and M w and MJM n are 
reported in Table 1. 

30 

Example 2 

The procedures of Example 1 were repeated except that 1.42 mg of catalyst was used and the reaction 
temperature was 80 * C. The results are shown in Table 1 . 

35 

Comparative Examples 3 and 4 

The procedures of Example 1 were repeated except that a zirconium metallocene catalyst was used to 
compare the results obtained using the hafnium catalyst. 

40 

Examples 5-7 

The procedures of Example 1 were repeated except that the catalyst used was a hydrogenated form of 
the hafnium catalyst used in Example 1 with the structure Et(lndH4) 2 HfCl2 and Polymerization Procedure 
45 No. 2 was followed. This procedure differs from that in Example 1 (Procedure No. 1) in that the propylene 
was added to the reactor prior to the addition of the catalyst/cocatalyst mixture. The reaction temperatures 
were varied as shown in Table 1 . 

Comparative Examples 8-10 

50 

These examples parallel those of Examples 5-7 using similar procedures but using a zirconium catalyst 
of the formula Et(lndH*>2ZrCl2. The results are shown in Table 1. Comparing the results in Table 1, the 
hafnium metallocene catalyst of the present invention produces polymer products that exhibit much higher 
molecular weights than the corresponding zirconium metallocenes under similar conditions. 

55 
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Examples 11-16, 20 

The catalyst preparation procedures of Example 1 were repeated for EtOnd^HfCk. Polymerization 
Procedure No. 3 was followed which is the same as Procedure No. 2 except that 500 ml of toluene and 800 
5 ml. of propylene were added to the reactor and 200 ml of propylene were used to charge the cata- 
lyst/cocatalyst into the reactor. The other polymerization conditions were as listed in the Table. 

Examples 17-19 

to In these Examples, Polymerization Procedure No. 4 was followed which procedure is identical to 
Procedure No. 3 except that 1000 ml of toluene and 1800 ml of propylene were added to a 4 liter reactor 
and 200 ml of propylene were used to charge the catalyst/cocatalyst solution to the reactor. 

It was noticed that the hafnium catalysts used in Examples 1-2, 5-7, 11-14, and the example shown in 
the Figure were prepared using a HfCU solution that was only 98% pure and that it contained some Zr 

rs contaminants. The HfCU used to produce the hafnium catalysts of Examples 15-20 was 99.99% pure. 

The results of Examples 11-20 show polymer products with very high molecular weights. The results 
also show a relation between the concentration of hafnium in the system and the molecular weight of the 
polymer product. Examples 19 and 20 show that at a lower polymerization temperature, the molecular 
weight of the polymer product is higher. 

20 As part of the present invention, it was also discovered that using a mixture of alumoxane and trimethyl 
aluminum in the catalyst system causes a transformation of the catalyst over time. This transformation is 
exhibited in the Figure which shows the variation of the molecular weight distribution with time. In the 
Figure, curve n a" shows a typical molecular weight distribution for a polymer produced as in Examples 1-2. 
Curves "b-d rt show the distribution at 0.5, 1, and 2 hours respectively of a similar catalyst system that 

25 contains trimethyl aluminum. These curves reflect a bi- modal distribution and a transformation from a 
predominantly high molecular weight polymer at 0.5 hours to a lower molecular weight polymer product 
after 2 hours. 

Depending on the particular catalyst, trimethyl aluminum may be used in varying amounts in combina- 
tion with alumoxane. Preferably, trimethyl aluminum is used in the amount of 0-20 mole percent of the 
30 mixture of alumoxane and trimethyl aluminum with alumoxane being 80-100 mole percent. 

For the results shown in the Figure, the system contained I mole of trimethyl aluminum to 16 mole of 
alumoxane. Having described a few embodiments of the present invention, it is understood that modifica- 
tions and adaptations may be made without departing from the scope of the invention. 

35 
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Claims 

Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, IT, LI, NL, SE 

1. A catalyst system for the polymerization of olefins and for the copolymerization of olefins comprising: 
(a) a chiral, stereorigid hafnium metallocene catalyst described by the formula 
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R"(C5(R>)2HfQp 

wherein (CsfR'M is a cyclopentadienyl or substituted cyclopentadienyl ring; each R' is a hydrogen 
or a hydrocarbyl radical having from 1 to 20 carbon atoms; R" is an organic or inorganic group 
5 providing a structural bridge between the two (Cs(R')4) rings imparting stereo-rigidity to said catalyst; 

Q is a hydrocarbon radical having 1-20 carbon atoms or is a halogen; and 0 ^ p £ 3; and 
(b) an aluminum compound; 
wherein the catalyst is in a liquid form. 

70 2. The system of Claim 1 wherein (Cs(R')4) is selected from the group consisting of an indenyl radical and 
a hydrogenated indenyl radical. 

3- The system of Claim 1 wherein R" is selected from the group consisting of: an alkylene radical having 
1-4 carbon atoms, a silicon hydrocarbyl group, a germanium hydrocarbyl group, an alkyl phosphine, an 
15 alkyl amine; boron, nitrogen, sulfur, phosphorous or aluminum. 

4. The system of Claim 1 wherein R" includes an ethylene bridge. 

5. The system of Claim 1 wherein Q is chlorine. 

20 

6. The system of Claim 1 wherein the aluminum compound is alumoxane or a mixture of alumoxane and 
trimethyl aluminum. 

7. The system of Claim 6 wherein ihe aluminum compound consists of about 0-20 mole percent of 
25 trimethyl aluminum and 80-100 mole percent of alumoxane. 

8. The system of Claim 1 further comprising (c) a solvent. 

9. The system of Claim 8 wherein said solvent is selected from toluene, xylene and methylene chloride. 

30 

10. A catalyst system for the polymerization and copolymerization of olefins according to any one of the 
preceding Claims wherein the olefins have three or more carbon atoms. 

Claims for the following Contracting State : ES 

05 

1. Process for the polymerization of olefins and for the copolymerization of olefins using a catalyst system 
comprising : 

(a) a chiral, stereorigid hafnium metal locene catalyst described by the formula 
40 FT (C5(R f K)2HfQp 

wherein (Cs(R')4) is a cyclopentadienyl or substituted cyclopentadienyl ring; each R' is a hydrogen 
or a hydrocarbyl radical having from 1 to 20 carbon atoms; R" is an organic or inorganic group 
providing a structural bridge between the two (Cs(R')4) rings imparting stereo-rigidity to said catalyst; 
45 Q is a hydrocarbon radical having 1-20 carbon atoms or is a halogen; and 0 S p < 3; and 

(b) an aluminium compound; 
wherein the catalyst is in a liquid form. 

2. The process of Claim 1 wherein (Cs(R')4) is selected from the group consisting of an indenyl radical 
50 and a hydrogenated indenyl radical. 

3- The process of Claim 1 wherein R" is selected from the group consisting of : an alkylene radical having 
1-4 carbon atoms, a silicon hydrocarbyl group, a germanium hydrocarbyl group, an alkyl phosphine, an 
alkyl amine; boron, nitrogen, sulfur, phosphorous or aluminium. 

55 

4. The process of Claim 1 wherein R" includes an ethylene bridge. 

5. The process of Claim 1 wherein Q is chlorine. 
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6. The process of Claim 1 wherein the aluminium compound is alumoxane or a mixture of alumoxane and 
trimethyl aluminium. 

7. The process of Claim 6 wherein the aluminium compound consists of about 0-20 mole percent of 
5 trimethyl aluminium and 80-100 mole percent of alumoxane. 

8. The process of Claim 1 further comprising (c) a solvent. 

9. The process of Claim 8 wherein said solvent is selected from toluene, xylene and methylene chloride. 

10 

10. The process according to any of the preceding claims wherein the olefins have three or more carbon 
atoms. 

Patentanspruche 

75 Patentanspruche fur folgende Vertragsstaaten : AT, BE, CH, DE, FR, GB, IT, LI, NL, SE 

1. Katalysatorsystem zur Polymerisation von Olefinen und zur Copolymerisation von Olefinen, umfassend: 
a) einen chiralen, sterisch starren Hafniummetallocenkatalysator der Forme I 

20 R"(Cs(R»2HfQp 

wobei (Cs(R'K) ein Cyclopentadienyl- oder substituierter Cyclopentadienylring ist; jedes R'ein 
Wasserstoffatom oder ein Kohlenwasserstoffrest mit 1 bis 20 Kohlenstoffatomen ist; R" eine 
organische oder anorganische Gruppe ist, die eine strukturelle Brucke zwischen den beiden (Cs(R')- 
25 *)-Ringen bereitstellt, die dem Katalysator eine sterische Starrheit verieiht; Q ein Kohlenwasserstoff- 

rest mit 1 bis 20 Kohlenstoffatomen oder ein Halogenatom ist; und 0 u p u 3 ist; und 
(b) eine Aluminiumverbindung; 
wobei der Katalysator in flussiger Form vorliegt. 

30 2. System nach Anspruch 1, wobei (CsfR'K) ausgewahlt wird aus der Gruppe, die aus einem Indenylrest 
und einem hydrierten Indenylrest besteht. 

3. System nach Anspruch 1, wobei R" ausgewahlt wird aus der Gruppe, die aus einem Alkylenrest mit 1-4 
Kohlenstoffatomen, einer Siliciumkohlenwasserstoffgruppe, einer Germaniumkohlenwasserstoffgruppe, 

35 einem Alkylphosphin, einem Alkylamin; Bor, Stickstoff, Schwefel, Phosphor oder Aluminium besteht. 

4. System nach Anspruch 1 , wobei R" eine Ethylenbrucke umfaflt. 

5. System nach Anspruch 1 , wobei Q Chlor ist. 

40 

6. System nach Anspruch 1, wobei die Aluminiumverbindung Alumoxan oder ein Gemisch von Alumoxan 
und Trimethylaluminium ist. 

7. System nach Anspruch 6, wobei die Aluminiumverbindung aus etwa 0-20 Molprozent Trimethylalumini- 
45 urn und 80-100 Molprozent Alumoxan besteht. 

8. System nach Anspruch 1 , das aufierdem (c) ein Losungsmittel umfa6t. 

9. System nach Anspruch 8. wobei das LSsungsmittel ausgewahlt wird aus Toluol, Xylol und Methylen- 
50 chlorid. 

10. Katalysatorsystem zur Polymerisation und Copolymerisation von Olefinen nach einem der vorstehenden 
AnsprUche, wobei die Olefine drei oder mehr Kohlenstoffatome aufweisen. 

66 PatentanspriJche fUr folgenden Vertragsstaat : ES 

s 

1. Verfahren zur Polymerisation von Olefinen und zur Copolymerisation von Olefinen unter Verwendung 
eines Katalysatorsystems, umfassend: 
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a) einen chiralen, sterisch starren Hafniummetallocenkatalysator der Formel 
R"(Cs(R»2HfQ p 

wobei (Cs(R')O ein Cyclopentadienyl- Oder substituierter Cyclopentadienylring ist; jedes R' ein 
Wasserstoffatom oder ein Kohlenwasserstoffrest mit 1 bis 20 Kohlenstoffatomen ist; R" eine 
organische oder anorganische Gruppe ist, die eine strukturelle Brucke zwischen den beiden (CsfR*)- 
4>-Ringen bereitstellt, die dem Katalysator eine sterische Starr-heit verleiht; Q ein Kohlenwasserstoff- 
rest mit 1 bis 20 Kohlenstoffatomen oder ein Halogenatom ist; und 0 u p u 3 ist; und 
(b) eine Aluminiumverbindung; 
wobei der Katalysator in fIGssiger Form vorliegt. 

2. Verfahren nach Anspruch 1, wobei ((^(R^) ausgewahlt wird aus der Gruppe, die aus einem Indenyl- 
rest und einem hydrierten Indenylrest besteht 

3. Verfahren nach Anspruch 1, wobei R" ausgewahlt wird aus der Gruppe, die aus einem Atkylenrest mit 
1-4 Kohlenstoffatomen, einer Siliciumkohlenwasserstoffgruppe, einer Germaniumkohlenwasserstoffgrup- 
pe, einem Alkylphosphin, einem Alkylamin; Bor, Stickstoff, Schwefel, Phosphor oder Aluminium besteht. 

4. Verfahren nach Anspruch 1 , wobei R" eine EthylenbrOcke umfaflt. 

5. Verfahren nach Anspruch 1 , wobei Q Chlor ist. 

6. Verfahren nach Anspruch 1, wobei die Aluminiumverbindung Alumoxan oder ein Gemisch von Alumo- 
xan und Trimethylaluminium ist. 

7. Verfahren nach Anspruch 6, wobei die Aluminiumverbindung aus etwa 0-20 Molprozent Trimethylalumi- 
nium und 80-100 Molprozent Alumoxan besteht. 

8. Verfahren nach Anspruch 1, das auBerdem (c) ein Losungsmittel umfaGt 

9. Verfahren nach Anspruch 8, wobei das Losungsmittel ausgewahlt wird aus Toluol, Xylol und Methylen- 
chlorid. 

10. Verfahren nach einem der vorstehenden Anspruche, wobei die Olefine drei oder mehr Kohlenstoffatome 
aufweisen. 

Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, FR, GB, IT, t1, NL, SE 

1. Systeme catalytique pour la polymerisation d'o!6fines et pour la copolymerisation defines compre- 
nant : 

(a) un catalyseur metallocene d'hafnium chiral st^reorigide decrit par la formule 
R"(Cs(R , K)2HfQ p 

dans laquelle, (CsfR*)*) est un anneau cyclopentadienyl ou cyclopentadienyl substitue; chaque R' est 
de I'hydrog&ne ou un radical hydrocarbyl ayant de 1 k 20 atomes de carbone ; R" es^un groupe 
organique ou inorganique Stablissant un pont structurel entre les deux anneaux (Cs<R')4) "ce qui rend 
le catalyseur st£r£origide; Q est un radical hydrocarbon^ ayant de 1 a 20 atomes de carbone ou un 
halog≠ et 0 3 p £ 3; et 

(b) un compost d'aiuminium. 

2. Systeme selon la revendication 1 dans lequel (Cs(R>) est choisi parmi le groupe consistant en un 
radical ind£nyl ou un radical ind§nyl hydrog£n£. 

3. Systeme selon la revendication 1 dans lequel R" est choisi parmi le groupe consistant en un radical 
alkylene ayant de 1 h 4 atomes de carbone, un groupe hydrocarbyl silicone, un groupe hydrocarbyl 
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germanium, un alkyl phosphine, un alkyl amine, du bore, de I'azote, du soufre, du phosphore ou de 
I'aluminium. 

4. Systeme selon la revendication 1 dans lequel R" inclut un pont ethylene. 

5 

5. Systeme selon fa revendication 1 dans lequel Q est le chlore. 

6. Systeme selon la revendication 1 dans lequel le compose d'aluminium est de I'alumoxane ou un 
melange d'alumoxane et de trimethyl aluminium. 

w 

7. Systeme selon la revendication 6 dans lequel le compose d'aluminium consiste en environ 0-20 moles 
% de trimethyl aluminium et 80-100 moles % d'alumoxane. 

8- Systeme selon la revendication 1 comprenant en plus un solvant (c). 

75 

9. Systeme selon la revendication 8 dans lequel le solvant est choisi parmi le toluene, le xylene et le 
chlorure de methylene. 

10. Systeme catalytique pour la polymerisation et la copolymerisation des olefines selon Tune quelconque 
20 des revendications prec^dentes dans lequel les olefines ont 3 ou plus d'atomes de carbone. 

Revendications pour i'Etat contractant suivant : ES 

1. Procede pour la polymerisation d'otefines et pour la copolymerisation defines utilisant un systeme 
25 catalytique comprenant : 

(a) un catalyseur metallocene d'hafnium chiral stereorigide decrit par la formuie 

R^CsfR^fcHfQp 

oo dans laquelle, (Cs(R')*) est un anneau cyclopentadienyl ou cyclopentadidnyl substitue; chaque R' est 

de Phydrogene ou un radical hydrocarbyl ayant de 1 k 20 atomes de carbone ; R" est un groupe 
organique ou inorganique etablissant un pont structure) entre les deux anneaux (Cs (R')4 ) ce qui rend 
le catalyseur stereorigide; Q est un radical hydrocarbone ayant de 1 a 20 atomes de carbone ou un 
halogene; et 0 £ p £ 3; et 

as (b) un compost d'aluminium. 

2. Precede selon la revendication 1 dans lequel (Cs(R f M est choisi parmi le groupe consistant en un 
radical indenyl ou un radical ind£nyl hydrogene. 

40 3. Precede selon la revendication 1 dans lequel R" est choisi parmi le groupe consistant en un radical 
alkyfene ayant de 1 h 4 atomes de carbone, un groupe hydrocarbyl silicone, un groupe hydrocarbyl 
germanium, un alkyl phosphine, un alkyl amine, du bore, de I'azote, du soufre, du phosphore ou de 
Taluminium. 

45 4. Precede selon la revendication 1 dans lequel R" inclut un pont ethylene. 

5. Procede selon la revendication 1 dans lequel Q est le chlore. 

6. Proc6de selon la revendication 1 dans lequel le compose d'aluminium est de I'alumoxane ou un 
so melange d'alumoxane et de trimethyl aluminium. 

7. Procede selon la revendication 6 dans lequel le compose d'aluminium consiste en environ 0-20 moles 
% de trimethyl aluminium et 80-100 moles % d'alumoxane. 

55 8. Procede selon la revendication 1 comprenant en plus un solvant (c). 

9. Procede selon la revendication 8 dans lequel le solvant est choisi parmi le toluene, le xylene et le 
chlorure de methylene. 
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10. Proc6d6 selon Tune quelconque des revendications pr6c6dentes dans lequel les defines ont 3 ou plus 
d'atomes de carbone. 
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